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A connector box partly embedded in a fibre-reinforced part for protect- 
ing and connecting purposes 

Field of the invention 

5 The present invention concerns a connector box adapted to be at least partly 
embedded in a fibre-reinforced part of a wind turbine with the purpose of pro- 
tecting sensitive parts during manufacture and enabling accessibility after the 
manufacture. The invention further relates to a blade for a wind turbine con- 
taining such connector boxes. 

10 

Background of the invention 

Sensors and other means for measurements are often connected to large 
fibre-reinforced structures such as parts for wind turbines, ship hulls, parts 
on aircrafts, etc. This includes, for instance, strain gauges for measuring the 

15 loads on the structure and its response, devices for temperature or pressure 
measurements, GPS receivers, lights, lightning conductors, data registration 
units, etc. The application of such devices or sensors then also naturally in 
most cases requires the guiding of elements for their functioning such as 
electrical wires, optical fibres, cables or the like going from somewhere prac- 

20 tical in the structure to where the devices or sensors are placed. For in- 
stance, an optical fibre running along the length of a blade for a wind turbine 
being connected at its ends to light emission and receiving equipments 
placed near the root of the blade. 

25 All these different elements mentioned above are often partly or totally em- 
bedded in the fibre-reinforced structure. One reason for this is that the bond- 
ing to the fibre-reinforced part in this way is far stronger than when fastened 
externally onto the structure by e.g. mechanical means or glue. Also, em- 
bedding can be advantageous for aerodynamically reasons. Furthermore, 

3 0 the element is in this way 'wrapped* by the fibre-reinforced structure and is 
thus kept well protected and safe. 
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It is, however, a problem when the element is to be connected to another 
part and thus must protrude from the fibre-reinforcement in some way to be 
accessible from the outside. In the marine industry it is practice to simply pull 
out the part of the element that needs to be accessible - typically the end - 
5 through the top layers, the injection layer and the vacuum foil before the in- 
jection of the resin into the part. However, this unavoidably reduces the qual- 
ity of the injection of the resin and thus the overall quality of the fibre- 
reinforced structure. Furthermore, the element is easy to damage by this 
handling and is vulnerable during the injection, thus increasing the cost of 
10 the production and the end-product as well as increasing the risk of a mal- 
functioning element which is difficult or impossible to repair as the element is 
embedded in the structure. 

Object and summary of the invention 

15 It is therefore an object of this invention to obtain a connector box which can 
be partly or totally embedded in a fibre-reinforced part, in which the end of an 
electrical wire, optic fibre, cable or the like can be protected and hold safely 
in place during the manufacture of the laminate, but still be accessible to 
connection to other devices after manufacture. Further objects appear from 

20 the description elsewhere. 

The invention relates to a connector box adapted to be at least partly em- 
bedded in a fibre-reinforced part of a wind turbine, where said connector box 
comprises a base part and at least one sealing part consisting of a sealing 

2 5 bag, where the sealing bag seals off and protects at least one compartment 

between the sealing bag and the base part during manufacture of said fibre- 
reinforced part, and which sealing bag can be partly removed after manufac- 
ture making said compartment accessible, and where said base part is 
adapted to fasten the connector box in the fibre-reinforced part by having a 

3 0 larger circumference near its bottom than near its top. This is advantageous 

in that it reveals a simple yet robust box which can be embedded into the 
fibre-reinforced part without decreasing the strength of the part noticeable 
and with a very strong bond to the part. Furthermore, the geometry of the 
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box will ensure that the box stays firmly in place during and after manufac- 
ture. Also the problem of having to cut in the vacuum foil in order to attain 
accessibility to an element is removed. Such a connector box is easy to han- 
dle and employ under manufacturing conditions for fibre-reinforced parts, 
5 even when personnel has to wear personal protection equipment such as 
thick gloves, etc. It is also advantageous that the box can be placed any- 
where needed on a part even on uneven or curving surfaces. Furthermore, it 
is easy to orientate in special ways if required. 

10 The invention further relates to a connector box as described above and 
wherein a first part of the compartment is fixating one part of at least one 
element, and wherein another part of the element is accessible from a sec- 
ond part of the compartment. Apart from the above-mentioned advantages, a 
way to fasten parts of elements that are more or less embedded in the struc- 

15 ture in such a way that the part is kept firmly at place both during and after 
the manufacture is hereby obtained. Also, vulnerable parts are in this way 
well protected by the connector box, thus reducing the risk of damaging the 
parts. A further advantage is that the element is made accessible after the 
manufacture due to the design of the connector box so that it is possible and 

20 simple to connect any exterior device to the otherwise embedded element. 
This connection can also be done at any time suitable independent of the 
production of the fibre-reinforced part itself which both makes it possible to 
obtain a better quality of the product and even makes it possible to change 
the functionality of the connection by connecting different devices overtime. 

25 

In one embodiment of the invention, the first part of the compartment of the 
connector box is at least partly filled with a cured material thereby fixating 
said part of the element. This embodiment reveals a simple yet effective and 
cost-efficient way to partly fixate the element during and after manufacture. 

30 

In another embodiment of the invention, the sealing part of the connector 
box consists of a sealing bag. In this way it is easy to get access to the inte- 
rior or the compartment in the connector box after manufacture. The sealing 
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bag furthermore keeps the resin out efficiently. A further advantage is that 
the bag protects the outer surface of the connector box so that it will appear 
with a better finish after removal of the bag. 

5 In a further embodiment of the invention, the element in the connector box 
comprises a current conducting part and a connector part, wherein the cur- 
rent conducting part is at least partly fixated in the first part of said compart- 
ment, and wherein the connector part is accessible from the second part of 
the compartment. This is advantageous when there is a need for having an 
10 electrical wire connected to some device; for instance when placing a ob- 
structing light at the tip of a blade for a wind turbine. 

In yet another embodiment of the invention, the element comprises an opti- 
cal fibre and a connector part, wherein the optical fibre is at least partly fix- 
is ated in the first part of the compartment, and wherein the connector part is 
accessible from the second part of the compartment. The connector part de- 
scribed above can also be adapted for connection of light emitting means or 
light receiving means to the optical fibre. This is advantageous when an opti- 
cal fibre is used for e.g. strain or temperature measurements on the blade for 
20 a wind turbine. As the optic fibre is very fragile and vulnerable it is easy to 
damage the fibre during the manufacture as well as afterwards when con- 
necting it to e.g. light receiving and emission means. This risk is minimized 
when using a connector box as described above. 

2 5 In one embodiment of the invention, the connector box according to the 

above is made completely or partly of a plastic. This comprises, for instance, 
PVC or POM which are both inexpensive materials and materials with low 
weight. Furthermore, they posses good manufacturing properties. 

3 0 In one embodiment of the invention, the sealing part of the connector box 

according to the above is made of a resin-proof plastic. This makes the seal- 
ing part easy to cut open or rip off when needed and is at the same time an 



5 



inexpensive material. Furthermore, the connector box is easily wrapped in 
and sealed off before use in the manufacturing process. 

In one embodiment of the invention, the base part of the connector box ac- 
5 cording to the above is made of a flexible material. This could for instance be 
rubber or another resin-proof material. By being flexible, the base part evens 
out the differences in material properties from the fibre-reinforced material to 
the relatively hard connector box. 

10 The invention further relates to a blade for a wind turbine characterized by 
comprising a connector box according to one or more of the embodiments 
mentioned above. The advantages hereof are as described above for the 
connector box, among others a far better opportunity to make a connection 
from some kind of external device to elements more or less embedded in the 

is blade. This can be done in a safer, simpler, and more cost-effective way than 
otherwise obtained with prior art. 

Finally, the invention relates to a blade according to the above, wherein said 
connector box is at least partly embedded in a part of a blade shell so that 
20 the connector box is accessible after manufacture. By partly embedding the 
connector box, a better fastening to the blade is obtained with the added 
possibility of making the connection of the sensor or device at the time most 
suitable independent of the manufacture of the blade itself. 

2 5 Brief description of the drawings 

In the following, the invention is described with reference to the drawings, 
which display examples of embodiments of the invention. 

Fig. 1 shows one part of a blade for a wind turbine according to the inven- 

3 0 tion, 

Fig. 2 shows a closer view of the root part of a blade, 

Fig. 3 shows the outline of a connector box imbedded in a laminate, 
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Figs. 4 and 5 show a connector box seen from above and from below, re- 
spectively, 

Fig. 6 shows an elevated view of another embodiment of a connector box, 
Figs. 7 and 8 show different ways of fixating an element in a connector box, 

5 

Description of preferred embodiments 

Figure 1 displays a blade 101 for a wind turbine comprising a fibre-reinforced 
blade shell 102. A number of connector boxes 103 are in this design placed 
near the root and near the tip of the blade, respectively. Two of the boxes 

10 near the root of the blade are connected to the ends of an optical fibre 104. 
An electrical wire 105 is led from the root to the tip and connected to a box in 
each end running in this sketched embodiment along the length of the blade. 
Such an electrical wire 105 embedded partly or totally in the blade could be 
used, for instance, for applying obstructing lights on the blade tip, or used to 

15 connect to and run some other sensor or device with a technical feature. The 
optical fibre 104 can among other things be used for measuring the strains 
and temperatures at positions on the blade, where a number of Bragg grat- 
ings 106 (illustrated by small hatches) are placed in the fibre. The fibre is 
then connected to light emission and/or light receiving means 107 in the 

2 0 connector boxes. As an optical fibre is very fragile, special care has to be 
taken during the production of the blade in order not to damage the fibre. By 
fastening the end of the optical fibre in a connector box 103 according to this 
invention, where the connector box can then be at least partly embedded in 
the fibre-reinforced structure, the fibre is kept well-protected and safe during 

2 5 the manufacture of the structure. Furthermore, after the manufacture the box 

facilitates the connection of the fibre to any kind of external device such as 
the light emission or receiving means in this example. 

Figure 2 shows a closer view in perspective of the root 201 of the blade 101 

3 0 with a connector box 103 according to the invention partly embedded in the 

fibre-reinforced blade shell 102. The dimension of the connector box 103 is 
exaggerated for clarity. The box is accessible from the interior of the blade 
so that it is possible and simple to connect or disconnect different appara- 
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tuses 202 according to the purpose such as for instance light emission or 
light receiving means to an inner optical fibre 104, a computer for collecting 
data gathered in other positions of the blade, etc. The connector box 103 is 
in this figure depicted as being accessible from the inside of the blade, but in 
5 a different embodiment of the invention, the connector box is placed next to 
the outer surface of the blade shell, preferably in level with the surface for 
aerodynamically reasons. The box is then accessible from the outside and 
could then be used for e.g. putting lights on the blade near the tip as illus- 
trated in figure 1 . Another possibility is to use the connector box to place 

10 some kind of sensor at various places along the blade. This could for in- 
stance be a GPS, a temperature sensor, an accelerometer or even a flashing 
commercial. The connector box 103 then makes the connection of the differ- 
ent sensors robust and simple, and makes it possible to use e.g. an electrical 
current 105 or an optical fibre 104 for different things according to specific 

15 needs, even if they change in time. A further advantage of the invention is 
that the connection of the different external devices can now take place after 
production of the blade independently of the manufacture. This then makes 
the connection of fragile parts easier and safer, thus lowering the risk of 
damaging the parts. 

20 

Figure 3 displays the outline of a particular embodiment of a connector box 
103. The connector box comprises a base part 305 around its lower part. In 
one embodiment, the base part 305 is made of a flexible resin-proof material 
such as a rubber. The connector box is partly embedded in a fibre-reinforced 

2 5 structure 308 by placing it on top of the first layers 302 in the laminate to- 

gether with the optical fibre 104 or electrical wire 105 and then adding the 
last layers 303 around the box as illustrated in the figure. An injection layer, 
the injection channels for the resin, and a vacuum foil (not shown in the fig- 
ure) are placed on top and resin is infused in a state where air is evacuated, 

3 0 such as in a VARTM process (Vacuum Assisted Resin Transfer Moulding). 

The connector box can also equally well be built in by other moulding proc- 
esses such as simple hand lay-up. The base part is shaped so that its cir- 
cumference is larger near the bottom of the connector box than near its top. 
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Or in other words, the base part is larger down in the fibre-reinforced part 
than near the surface of the part. In this way the base part 305 acts to keep 
the box 103 firm in place during and after manufacture of the laminate. To 
protect the interior of the connector box 103, a sealing part in the shape of a 
5 sealing bag 304 covers the box partly or totally. After manufacture of the 
laminate, the sealing bag 304 can simply be removed or pealed off the box 
leaving the interior of the connector box accessible. The sealing bag 304 can 
be made of a plastic resin-proof foil. The sealing 304 part also acts to protect 
the outer surface of the connector box 103 during manufacture so that the 
10 box has a high finish after removal of the bag. Alternatively, the sealing part 
could also consist of a more or less rigid lid which is cut open after manufac- 
ture of the laminate. 

In the example shown in the figure, the fibre-reinforced structure curves a 
15 little. Therefore the lower surface 306 of the connector box 103 curves ac- 
cordingly to minimize the influence of the connector box on the properties of 
the laminate. Furthermore, the flexible base part 305 evens out the transition 
from the relatively soft fibre-reinforced material to the relatively stiff box 103. 
Also, in this embodiment of the invention the sealing bag 304 is kept in place 
20 by the base part 305. A further important detail on the box design is the re- 
cess 307 just above the flexible base part 305. This recess 307 helps to hold 
the base part 305 in place, makes a better overall finish and acts as a cutting 
or grinding edge for removal of the top sealing bag 304. 

25 In figure 4 and 5 the connector box 103 without the sealing part is seen in 
perspective from above and below, respectively. As described above, the 
connector box 103 comprises a flexible base part 305. The connector box 
103 comprises further a compartment 401 which is accessible after embed- 
ding the box in a structure through an opening 402 e.g. in the top of the con- 

30 nector box. The element to be protected by the box (for instance an optical 
fibre 104 or a current conducting part 105) is supported by a string 403 along 
its length and a tapered, elongate and resilient portion 404 leading the ele- 
ment into the connector box 103 partly under the base part 305. The element 
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104, 105 thus ends inside the connector box 103 in which it can be con- 
nected to exterior parts. As can be seen in figure 5, a number of grooves 
501 are machined into the lower surface 306 of the housing of the connector 
box 103. During injection these ensure a flow of resin into the fibre-reinforced 
5 layers situated underneath the connector box. The grooves are cut in two 
different directions for optimal flow. 

Figure 6 shows a different design of a connector box 103 in the general 
shape of a truncated pyramid. An optical fibre 104 or an electrical wire 105, 

10 which is supported by a string 403, is via a tapered, elongate and resilient 
portion 404 led into a compartment 402 in the connector box 103. The opti- 
cal fibre or wire is fixated with e.g. resilient glue 601 in a first part of the com- 
partment 604 and ends in a free connector part 602 such as for instance a 
plug of some kind in a second part of the compartment 605. To ease placing 

15 the fibre 104 or electrical wire 105 in the compartment and holding this in 
place while the glue 601 is curing, a wall 603 may be placed in the compart- 
ment, or it may be machined or cast when the connector box 103 is made. 
The connector box 103 will in use be covered by e.g. a plate, preferably rest- 
ing on an undisplayed seal to form a tight connection. The connector box 

20 103 may preferably be made from a polymeric material such as e.g. POM by 
processes involving casting, milling or the like. Preferably all the parts in the 
connector box are made essentially without using e.g. any metallic parts to 
maintain a generally low risk of a lightning strike. The connector part 602 
may though include metallic plugs for connecting an optical fibre 104 or an 

25 electrical wire 105 to any external devices such as means for emitting and 
receiving light or a diode. 

Figure 7 illustrates a connector box 103 comprising a compartment 401 in 
which it fixates an element 104, 105 in a first part of the compartment 604 
3 0 leaving the element to be free and accessible from a second part of the 
compartment 605. As mentioned earlier, the element could be the end of a 
sensitive optical fibre 104 or an electrical wire 105 connected to a connector 
part 602. The element is fixated either mechanically or by some kind of cured 
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material such as glue 601. In order to ease the fixating of the element, the 
two parts of the compartment 604 and 605 can be partly separated by a wall 
603 which also can help the sealing bag to stay in place and keep the resin 
out of the compartment 401 during injection. To keep the glue or curing ma- 
5 terial 601 from filling the whole compartment one can apply a small amount 
of e.g. silicon 701 . By its flexibility, this further helps to support the often frag- 
ile element when leaving the relatively hard fixating and cured material 601. 
In another embodiment, a lid is placed over the compartment during manu- 
facture to help preventing the sealing bag from being pressed down into the 
10 compartment during the resin injection. 

Another embodiment of a connector box 103 is shown in figure 8. Here the 
element 104, 105 is fixated in a first part of a compartment 604 in the box 
which part covers the bottom part of the box. The element with the connector 
15 part 602 then sticks up from the cured material and is accessible from a sec- 
ond part of the compartment 605 being in this embodiment the top of the 
connector box. 

It is to be understood that the invention as disclosed in the description and in 
2 0 the figures may be modified and changed and still be within the scope of the 
invention as claimed hereinafter. 
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